INTRODUCTION
Persons dually eligible for Medicare and Medicaid and individuals in their last year of life have exceptionally high health care costs. Largely because of their poorer health status, dually eligible beneficiaries have Medicare costs that are about 1.5 times that of other Medicare beneficiaries (Medicare Payment Advisory Commission, 2004) . Because of declining health status due to chronic diseases or onset of a fatal episode of acute illness, persons in their last year of life also require extensive health care. For example, Medicare costs of decedents are approximately five times that of Medicare beneficiaries who do not die in the year (Eppig, 2003) . While analytically separate, these two groups overlap.
In light of the high health care costs of beneficiaries at the end of life and those who are dually eligible, policymakers have an ongoing interest in exploring strategies to provide health care services for them as efficiently as possible. Moreover, many dually eligible beneficiaries at the end of life require both extensive acute care and LTC services. For example, one-fifth of persons with dual eligibility receive institutional care, in contrast to only 3 percent of non-dually eligible Medicare beneficiaries. To inform public policy deliberations about care provision for dually eligible beneficiaries at the end of life, it is important to understand their patterns of both Medicare and Medicaid services, since the two funding sources jointly cover acute and LTC for this population.
In this article, we describe Medicare and Medicaid service use and costs of dually eligible beneficiaries who died in 1995 or 1996 in 10 States by examining their patterns of health care use for the 12-month period preceding their deaths. To date, only a few studies addressed this population and they were mostly limited to small geographic areas (e.g., a single county) (Temkin-Greener et al., 1992; Scitovsky, 1988) . This article extends prior research and examines the health care use patterns of deceased, dually eligible beneficiaries in a much larger geographic area. Our aim is to shed additional light on the acute and LTC services received by this important population. 
BaCKgROUND

Dually eligible Beneficiaries
Older people and younger persons with disabilities are Medicaid-eligible when they meet Medicaid's income and resource eligibility standards, usually those of the Supplemental Security Income (SSI) program, or by meeting the financial resources requirements and spending down their income on medical and LTC expenses (Bruen, Wiener, and Thomas, 2003) . Medicare covers most of the cost of hospital care, physician services, and other acute care services for elderly and disabled individuals. For these persons, Medicaid pays the coinsurance for Medicare services, and also covers other health care services not covered by Medicare, such as long-stay nursing home care, home and community-based LTC services, and prescription drugs (in 1995 and 1996) . Thus, for dually eligible beneficiaries, Medicare is the primary source of financing for acute care services, while Medicaid is the main source of financing for LTC services.
Relative to Medicare beneficiaries in general, the dually eligible population consists of higher proportions of persons who are either under age 65 or over age 85, female, and Hispanic or Black (Medicare Payment Advisory Commission, 2004) . Prior research has found that dually eligible beneficiaries tend to be sicker than other Medicare beneficiaries. They are twice as likely to report poor health status, and six times more likely to have over four dependencies in activities of daily living (Merrell, Colby, and Hogan, 1997) .
As they are currently structured, Medicare and Medicaid do not offer an integrated system of care for dually eligible beneficiaries. Each program has historically been run completely separately, even though their coverage domains and populations overlap. This arrangement often forces dually eligible beneficiaries to navigate a confusing and poorly coordinated system of care (Scanlon, 1997) . Fragmentation in administration and overlap in coverage also create incentives for cost shifting between the two programs. For example, States have incentives to have providers bill Medicare for as many services as possible since it is entirely federally funded, unlike Medicaid where States are expected to share in the costs.
end of life Costs
Medicare spending for beneficiaries at the end of life has been an important topic of health care research since the late 1980s, stimulated largely by the finding that spending for decedents greatly exceeded that of survivors and because of concern that aggressive treatment provided to people at the end of life might be ineffective and against the wishes of patients and their families (Lubitz and Prihoda, 1984; The SUPPORT Principal Investigators, 1995) .
Findings from the research generally suggest that acute care expenditures for end of life care may be unavoidable. For example, the high Medicare costs of individuals at the end of life are quite comparable to those of survivors who were equally sick, suggesting that the average costs of decedents were the result of their illnesses rather than their death (TemkinGreener et al., 1992; Garber, MaCurdy, and McClellen, 1998; Scitovsky, 1984) . Moreover, elderly decedents who received expensive care, tended to be relatively young (age 65-79) and had good functional status not long prior to death (Scitovsky, 1988; Tempkin-Greener et al., 1992) . These individuals were patients whom physicians said they "would not feel justified in not treating aggressively" (Scitovsky, 1988) .
Most of the research on end of life care has focused on Medicare-financed services, largely because of the accessibility of uniform national level data on Medicare service use and costs. Only a few studies addressed Medicaid spending and the interaction of acute care services and LTC costs (Scitovsky, 1988; Tempkin-Greener et al., 1992; Hoover et al., 2002) . This interaction is critically important because a substantial amount of spending and utilization is for LTC services. In addition, LTC may substitute for acute care in some instances. Prior research suggests that, while older decedents have lower acute care costs than younger decedents, the difference is largely offset by higher nursing home or Medicaid costs by older persons (Scitovsky, 1988; Hoover et al., 2002; and, Temkin-Greener et al., 1992) . 
DaTa aND MeTHODS
Data Sources
Sample and analysis File
Because of problems with data quality, we limited our analysis to individuals from 10 of the 12 States in Mathematica's MultiState Files: Colorado, Florida, Georgia, Indiana, Iowa, Kentucky, Maine, Michigan, New Jersey, and Wisconsin. Although the sample for our study is not necessarily representative of the U.S. as a whole, beneficiaries in these 10 States represent 25 percent of the total Medicare population.
We selected a sample of deceased individuals from Mathematica's files for whom 12 months of data prior to death were available. Specifically, we selected a cohort of individuals who died between July 1, 1995, and December 31, 1996. We excluded from the sample individuals who had either Medicare or Medicaid health maintenance organization enrollment (11 percent of the original sample) because health maintenance organizations do not generally report detailed service use and costs of their enrollees. The resulting sample consists of 152,019 individuals from the 10 States. Although 76 percent of the sample was dually eligible over the entire 12 months, others were only so for part of the year, with approximately equal percentages having dually eligibility status of 1-11 months.
For each month of the 12-month period, total utilization (e.g., covered days, visits) and spending for each sample member was extracted. Medicare services were grouped by hospital, skilled nursing facility (SNF), home health, and hospice care; all other services were combined into another category. For Medicaid services, hospital, nursing home, home care, hospice, and prescription drugs were identified; all other services were combined into another category. Because of ambiguities associated with location or type of some categories, only those services that could be crisply assigned were separately identified. 1 Although Medicare and Medicaid both cover care in nursing homes, Medicare coverage is very limited in days of coverage, requires a prior hospitalization, and is limited to persons needing skilled nursing or rehabilitation care. In contrast, Medicaid covers long-term nursing home care for persons requiring assistance because of functional or cognitive disabilities. These two services are distinguished by referring to Medicare coverage as SNF care and Medicaid coverage as nursing facility care. Likewise, we distinguish between Medicare home health agency care and Medicaid home care, which includes home health, personal care, and a wide range of services under Medicaid home and community-based services waivers.
Demographic variables from the Medicare and Medicaid enrollment files included age, sex, and race. We created a nursing home stay variable to indicate whether each person was likely to be a LTC resident of these facilities. We based the variable on days of stay in Medicaid nursing facilities, and created three categories: no days, 1-30 days, and 31+ days. Location of death was categorized as being in a hospital or in a nursing home by employing a daily location indicator developed by Mathematica for its original study of all dually eligible beneficiaries. Although individuals could be in two locations on the same day (e.g., hospital and nursing home), the incidence of these occurrences is small. In this article, we assigned location of death hierarchically in the order of hospital, nursing home, and other location.
Chi-square and t-tests were used to detect statistically significant use and cost differences between subgroups of the population. Because of the large sample sizes, virtually all comparisons were statistically significant at the p = 0.05 level.
FINDINgS
Beneficiar y Characteristics
Percent distributions and range of percentages of the beneficiary characteristics across the 10 States are presented in Table 1 . Dually eligible beneficiaries are mostly very old (40.6 percent are age 85 or over), female (66.6 percent), and White (81.8 percent). Given the States in our sample, the range of percentages of population by race varies widely. For example, the percent of Black persons across the States ranges from virtually none to one-third. Most (58.8 percent) of our sample persons were in Medicaid nursing facilities for more than 30 days. Finally, almost one-third of the sample died in hospitals, nursing facilities, and other locations, respectively, although there is also a wide range of percentages across our 10 States.
Spending for Care
Total spending, by financing sources, provide an initial perspective on the important roles of Medicare and Medicaid in health care provision for dually eligible beneficiaries in the last year of life (Table 2) . For the total sample of dually eligible beneficiaries, combined Medicare and Medicaid spending in the last year of life was $40,534. Medicaid's share, $16,013, was substantial and constituted about 40 percent of the total.
Combined Medicare and Medicaid spending decreased with increasing age, but this trend was a reflection primarily of spending for Medicare services. Medicaid spending, in fact, increased with age, largely due to increased use of nursing home care. Sex did not substantially differentiate either Medicare or Medicaid spending. Differences by race, on the other hand, were substantial with Black persons and other races having much higher Medicare spending and lower Medicaid expenditures than White persons. Higher Medicaid costs of White individuals did not totally offset the Medicare cost differences.
Although persons with 31 or more nursing home days had more than $10,000 lower Medicare costs than beneficiaries with no days in Medicaid nursing facilities, the difference was more than offset by their high ($22,900) Medicaid costs. Somewhat surprisingly, persons with no nursing facility days had slightly higher Medicaid costs than those with 1-30 days. Individuals who died in hospitals had the highest combined costs relative to other beneficiaries who died in nursing homes or other locations, due primarily to their Medicare costs ($35,550) .
Combined Medicare and Medicaid costs varied considerably across the 10 States in our sample, ranging from $26,048 in Iowa to $51,165 in New Jersey. Florida also had The variation in average Medicare costs among States was greater than that of average Medicaid costs, despite the fact that, unlike Medicare, Medicaid policies for coverage, payment, and eligibility can vary dramatically across States. It is also notable that, despite the overall higher average Medicare costs across the 10 States, Medicaid costs were actually higher than Medicare costs in 2 States. On the other hand, Medicare costs were more than two times the average Medicaid costs in two other States.
Medicare Ser vice Use and Costs
The percent of beneficiaries who were users, and average costs of users, were examined for five categories of Medicarefinanced health care: (1) hospital, (2) SNF, (3) home health agency, (4) hospice, and (5) all other services (including physician, outpatient, and durable medical equipment) (Table 3) . Per capita costs, of users and non-users, for the services are presented in Table 4 . For the total sample of dually eligible beneficiaries in the last year of life, 72 percent had at least one hospital stay, and the average costs for hospital care was $18,193. Medicare SNFs were used by 32 percent, and averaged $8,014. Almost as high a proportion, 27 percent, used Medicare home health services, with an average cost of $6,052. Hospice care was used by 12 percent of the sample, with an average cost of $6,753. Finally, virtually all of the individuals, 98 percent, used other Medicare services, such as physician care, with an average cost of $6,629. By demographic characteristics, persons over age 85, the oldest old, used hospital care (63 percent) less than their younger counterparts and the costs of hospital care among users ($12,622) were dramatically lower than those for younger groups. The oldest-old also used Medicare home health (19 percent) and hospice care (9 percent) less than younger persons. Costs of other Medicare services also decreased with increasing age. Differences in Medicare service use by sex were small, although males were slightly more likely to use specific services and cost slightly more when they were users. White persons used hospital care much less than Black persons (69 versus 84 percent) and the costs among users was lower for White persons than for Black persons and other races. Also, a smaller percentage of White persons used Medicare home health care than other racial groups. While all racial groups had high percentages of persons using physician and other Medicare services, it is notable that the costs among White users for this category of services was markedly lower than those of Black persons and other races. Individuals with either no days or 30 or fewer days of Medicaid nursing facility care had Medicare service use patterns that were similar to each other, and very different from those with more than 30 days of Medicaid nursing facility care. The former two groups had higher percentages of persons using hospitals, home health, and hospice care, with approximately the same costs for each than did those likely to be long stay Medicaid nursing facility patients. An unusual pattern was for Medicare SNF care, where persons with 1-30 Medicaid nursing facility days had a very high proportion (66 percent) using Medicare SNF care. A possible explanation for this finding is that individuals fell into this category because they had need for a few Medicaid nursing facility days to complement episodes of Medicare SNF stays, which are very short. People who died in a hospital were significant users of Medicare home health care, and had higher physician and other service costs. As expected, virtually everyone who died in a hospital had Medicare costs for that service. People who died in nursing homes had much lower use of home health care. Finally, people who died in locations other than hospitals and nursing homes were dramatically more likely to have been users of Medicare hospice care.
Medicaid Ser vice Use and Costs
The percent of users and average costs for six categories of Medicaid services are presented in Table 5 . Per capita costs of users and non-users of these services are presented in Table 6 . Almost one-half of Table 3 . In contrast, likelihood of nursing home and home care use increased with age. Small differences existed in the use of drugs and other services, but the under age 65 group had costs for these two categories that were almost twice as high as those for users over age 65. Very small differences by sex exist in the percent of users or average cost of users. Relative to other races, White persons had lower percentages of hospital and home care users, but higher percentages of nursing home residents. Though percentage of users for drugs and other services did not differ much by race, costs of those services were lower, on average, among White persons.
By time spent in Medicaid nursing homes, people who had more than 30 days of nursing facility care had lower percentage use and costs for hospital and Medicaid home care than those with 30 or fewer 
Supportive Ser vices Financed by Medicare and Medicaid
A major role for Medicaid in end of life care is coverage of supportive services, particularly nursing home care (Table 7) . In addition, although technically not a LTC service, coverage of Medicare's home health services during the early 1990s was so expansive that it is included as a supportive service. The other major Medicarefinanced supportive service is hospice care. Medicare SNF care is not included as a supportive service, since it functions as post-hospital extended care with an average length of stay of about 20 days. Under Medicaid, we categorized Medicaidfinanced home care, nursing facility care, and hospice care as supportive services. The vast majority (86 percent) of dually eligible beneficiaries in the last year of life received some form of supportive services financed by either Medicare or Medicaid. Only 16 percent of persons used supportive services financed solely by Medicare and 19 percent used services funded by both Medicare and Medicaid; one-half of the beneficiaries used only Medicaid-financed supportive services, and (not shown) most of them used only nursing facility care.
The proportion of persons with supportive services increased with age, and likely reflects the high and increasing percentage, by age, of persons in this sample who were nursing home residents in the last year of life. Similarly, the percentage of persons using only Medicare-financed supportive services decreased with age, also due largely to the increasing likelihood of Medicaid nursing home care use. A higher proportion of males, in contrast to females, did not receive supportive services from either Medicare or Medicaid. On the other hand, a higher percentage of females used only Medicaid-financed supportive care, probably for nursing homes. The higher percentage of White persons who used Medicaid nursing home care explains much of the differences by race.
Not surprisingly, Medicaid-financed care was very prevalent among persons receiving supportive services in the last year of life. Because our sample was of dually eligible beneficiaries, who are more likely to be more disabled than other Medicare beneficiaries, a very high proportion of them were also nursing home residents. Thus, in this analysis focusing on supportive services, the effect of Medicaid-financed nursing home care is pervasive. On the other hand, Medicare provided support services, either alone or with Medicaid, to about one-third of the population.
The last column of Table 7 provides a summary measure of combined Medicare and Medicaid costs for supportive services among persons with at least one of the Medicare or Medicaid services. On average for our sample, supportive services costs were $16,509 in the last year of life. Costs increased with age and were slightly higher for females and White persons. Long stay (i.e., 31 or more nursing facility days) nursing facility residents and persons who died in nursing homes had average costs of approximately $20,000. These last findings again highlight the important influence of nursing home care on supportive service costs at the end of life.
Trajectories of Ser vice Costs
Average monthly costs of Medicare and Medicaid acute and supportive services are shown in Figure 1 . The most striking observation is the dramatic rise in monthly Medicare acute care costs in the last quarter of the year, and particularly in the last month of life. The trajectory of hospital costs (not shown) is the major cause behind the rising Medicare acute care cost pattern. Much less striking, the trajectory of Medicaid acute care costs also rises in the last quarter, largely because Medicaid covers the coinsurance for Medicarefinanced services and, therefore, reflects Medicare's trend for acute care.
Supportive services financed by Medicaid are high (about $1,000 per month) and fairly steady over the 12-month period, largely reflecting the nursing home costs of long-term residents. The slight dip in the last month may be due to more time spent in hospital care at the very end of life. In contrast to its costs for acute care, Medicare supportive services costs are relatively low (about $200) for each month of the last year of life. The upward trend, noticeable in the last quarter, is caused partly by hospice service use.
Net of the heightened Medicare acute costs in the last quarter, Figure 1 indicates that, for most of the last year of life, monthly costs of acute and supportive services combined are shared almost equally by Medicare and Medicaid. Moreover, most of these trends are relatively constant over the entire period. Hence, for dually eligible beneficiaries, both Medicare and Medicaid are critical in providing needed health care services in the entire last year of life.
DISCUSSION
This article examined patterns of Medicare and Medicaid service use and spending for dually eligible beneficiaries in the last year of life. Because Medicare and Medicaid are the main sources of financing for acute and LTC for this population, our analysis provides a relatively full description of health care services used by dually eligible beneficiaries. Our study used the earlier CMS/Mathematica data development project to create detailed person level files on dually eligible decedents in 10 States for 1995 and 1996.
Our findings on acute care use and beneficiary characteristics of the dually eligible population are consistent with prior research on the last year of life. For example, Medicare costs declined with increasing age, and the oldest-old (85+) decedents are less likely to be hospitalized and have lower costs per hospital stay than younger persons. These results suggest that older decedents do not use disproportionately more acute care services at the end of life, so policy concern about potentially wasteful acute care spending for persons in the last year of life is likely overstated. On the other hand, since the death of a younger person is considered more unusual and more tragic, the health care system may be more willing to spend more money on aggressive treatment of dually eligible beneficiaries under the age of 65. Consistent with this notion, under age 65 decedents had the highest combined Medicare and Medicaid costs. Among dually eligible beneficiaries in the last year of life, LTC costs are a large proportion of total Medicare and Medicaid spending and they increase with increasing age of beneficiaries. These results highlight the importance of accounting for LTC services in assessing the overall costs of decedents in the last year of life. For example, while dually eligible decedents age 85 or over have the lowest Medicare costs, they have the highest supportive services costs. At the same time, while Medicare is generally viewed as the primary financing source for acute care services, and Medicaid for LTC, Medicare's importance in providing supportive services cannot be overlooked in policy deliberations. For example, changes in the Medicare home health reimbursement policies, resulting from provisions in the 1997 Balanced Budget Act, substantially reduced utilization of that benefit and probably its role in end-of-life care (Bishop, Kerwin, and Wallack, 1999) .
We found that dually eligible Black beneficiaries had patterns of health care that were different from those of White beneficiaries. A large portion of the differences was associated with Medicare acute care use, particularly likelihood of hospital use and costs of hospital care per user. The other major difference was that Black and other beneficiaries did not use Medicaidfinanced nursing facility care at nearly the same rate as White beneficiaries. While 68 percent of White beneficiaries were in Medicaid nursing facilities some time during the last year of life, only about 40 percent of the minority races did so. Some of the difference was offset by the higher use of Medicare-financed home health care by Black and other beneficiaries. Possible explanations include differences in informal care networks, discriminatory admission barriers to facilities, historical use of hospitals and home care versus nursing home care, and personal preferences (Falcone and Broyles, 1994; Morrow-Howell and Chadiha, 1996) .
Hospital care is an important cause of heightened costs in the last year of life and particularly in the last month of life. Findings from this analysis indicated that persons who were long-stay residents of nursing facilities had lower likelihood of using hospitals during the year and lower average costs when they did. For some of these beneficiaries, it is plausible that spending on Medicaid supportive services resulted in savings for Medicare acute care services. Although our descriptive findings did not address the extent of these potential savings, or the circumstances under which they could occur, they do suggest that further research in this area might be productive in exploring new strategies for efficiently meeting the health care needs of dually eligible persons.
It is important to point out limitations with this study as well as possible avenues for future research. First, the sample was of persons from 10 States and was, therefore, not nationally representative, although these data do represent States with a substantial share of the Medicare population. Second, data is from 1995 and 1996. However, patterns of care are not likely to have changed dramatically since that time. Third, the scope of this study was limited to individuals at the end of life, and we did not make comparisons with survivors in the same year. Fourth, the Medicare and Medicaid enrollment and claims data that we used in this study contain relatively few personal characteristics of beneficiaries. Other characteristics, such as disability status and strength of informal care networks, would be very useful for interpreting the service use patterns that we observed. 2 Although this limitation is an intractable problem when using Medicare and Medicaid administrative data, it is counterbalanced by the completeness and accuracy of the utilization and expenditure data.
In conclusion, because of the high costs of their care, Medicare and Medicaid dually eligible beneficiaries deserve substantial public policy attention. A major finding in this study is that, for dually eligible persons in the last year of life, a large proportion of total health care costs is spent for LTC services. Because Medicaid is the main source of funding for LTC services, any changes in Medicaid coverage or payment policies will have a direct impact on the services used heavily by persons at the end of life. Moreover, to the extent that substitution between Medicare and Medicaid exists, changes in Medicaid policies are likely to indirectly affect the provision of Medicare-funded services. Likewise, changes in Medicare policies affecting this type of care are likely to have an impact on Medicaid coverage. It is critical, therefore, that policy deliberations about care provision for dually eligible beneficiaries include concurrent consideration of acute and LTC, as well as the interaction of the two programs that finance them.
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